INTRODUCTION {#sec1-1}
============

The widespread use of antibiotics in human and veterinary medicine is often associated with increased bacterial resistance\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] to these chemical substances. The antibiotic resistant bacteria (ARB) have created serious problems in the treatment of infectious diseases. These bacteria and their antibiotic resistance genes (ARGs) enter the environment through various sources.\[[@ref8]\] Hospital wastewaters (HWs) and municipal wastewaters (MWs) are a potential source for entry of ARB and ARGs into the natural environment. Dissemination of these bacteria and genes in the environment is a growing public health concern. Antibiotic resistance in the environment can be transferred from pathogenic bacteria to nonpathogenic bacteria, which impair water ecology through change in population dynamics and physiology.\[[@ref9]\] A study has shown that a large number of bacteria and resistance genes particularly in hospital strains have been found in the area of hospital wastewater discharge. ARGs can be transferred among the bacteria in the hospital and environment through plasmid, integrons, and transpositions.\[[@ref10]\]

A number of studies have reported that hospital ARB and ARGs have been identified in MW, activated sludge and water resources.\[[@ref11][@ref12]\] It is important to note that some of these contaminated water resources may be used as public water supplies. Some studies indicate that discharge of HWs is associated with a high rate dissemination of resistant bacteria into the natural environment.\[[@ref13][@ref14]\] In contrast, some studies have reported that the MW is an important route for the release of ARB and ARGs. However, many studies have shown that the removal of ARB and ARGs in MW and HW treatment plants (WWTPs) does not occur or is very low. Even some researchers have shown that resistant bacteria have increased in WWTPs.\[[@ref8][@ref15][@ref16]\]

Therefore, this study was designed to investigate (1) The occurrence of three groups of ARB in hospital and MWs; (2) the effect of WWTPs on the removal of antibiotic resistance bacteria; (3) the presence/absence of specific ARGs in isolated ARB (4) the frequency of detection of specific ARGs in raw and final effluent samples of MWs and HWs. We used three more consumed antibiotics including gentamicin (GM), chloramphenicol (CHL), and ceftazidime (CAZ); and for each antibiotic, a resistance encoding gene was selected based on the frequency and importance in clinical and environmental samples.\[[@ref17][@ref18][@ref19]\]

METHODS {#sec1-2}
=======

Samples were collected from six different sites including: MW1 (a municipal WWTP with two stage activated sludge treatment system), MW2 (a municipal WWTP with activated sludge treatment system), MW3 (a municipal WWTP with stabilization pond treatment system), HW1 and HW2 (HW), HW3 (a Hospital WWTP with activated sludge treatment system) \[[Table 1](#T1){ref-type="table"}\]. A total of 66 samples from raw wastewater and final effluents were collected in 1 L sterile glasses between September 2012 and April 2013. Samples were transferred to the laboratory in an insulated box with cooling packs and were analyzed immediately after arrival at the laboratory.

###### 

Characteristics of hospital and municipal wastewaters

![](IJPVM-5-887-g001)

The conventional heterotrophic plate count (HPC) method was used to evaluate the concentration of three groups of ARB in wastewater samples. In the study, three different antibiotics including GM, CHL and CAZ were selected. To determine the concentration of HPC bacteria, R2A agar medium along with antifungal additive nystatin was used. R2A plating media were also used for ARB enumeration and each antibiotic was individually amended into the media as follow: (1) GM 10 μg/ml, (2) CHL 16 μg/ml and (3) ceftazidime 30 μg/ml.\[[@ref20][@ref21][@ref22]\] Wastewater samples were thoroughly stirred and serially diluted up to 10^-6^, and 0.1 ml of each serial dilution was plated on the medium. Plates were incubated at 37°C for at least 48 h.\[[@ref23]\] All the experiments were carried out in duplicates and the mean values as colony forming unit (CFU)/100 ml were considered.

For detection of related ARG in each group of ARB, predominant ARB with regard to the apparent characteristics were isolated and subcultured onto R2A agar plates with specific amended antibiotics. Isolated colonies were then suspended in 100 μl of deionized water, and genomic DNA was extracted by boiling for 15 min and centrifugation at 13,000 rpm for 5 min. 0.1 (v/v) of 3M sodium acetate and 2.5 (v/v) of 95% ethanol were added to the supernatant, and then the suspensions were mixed and centrifuged at 13,000 rpm for 10 min. The supernatant was discarded, and 500 μl of 80% ethanol was added to the pellets. Suspensions were centrifuged at 13,000 rpm for 5 min. DNA was suspended in 50 μl of distilled water and extracted DNA was stored in a freezer at -20°C until use.

DNA was also extracted from the original wastewater samples to determine the presence/absence of selected genes in raw wastewater and effluent samples. For this purpose, 50 ml of all samples were centrifuged at 6000 rpm for 15 min. The supernatant was discarded, and the pellet was resuspended in 300 μl of distilled water. The resuspended pellets were frozen in liquid nitrogen and heated in boiling water 3 times. The DNA was extracted and purified using Promega DNA Extraction kit (Promega Wizard Genomic DNA purification kit, Madison, WI) according to the manufacturer\'s manual.

For each group of antibiotics, a resistance encoding gene was selected as follow: Aac (3)-1 for GM resistant bacteria, cmlA1for CHL resistant bacteria and ctx-m-32 for ceftazidime resistant bacteria Three pair of primers used for amplification of these genes. The characteristics of primers are given in [Table 2](#T2){ref-type="table"}.

###### 

Characteristics of primers used in the study
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Polymerase chain reaction (PCR) amplification was done in a total volume of 25 μl containing 2.5 μl of ×10 PCR buffer, 0.2 μM of each primer, 0.2 mM of each dNTPs, 2 units of Taq DNA polymerase, and 1 μl of DNA. All assays contained a positive and a negative control. PCR process is performed using an initial denaturation at 94°C for 10 min, denaturation at 94°C for 45 s, annealing at varied for 30 s, and extension at 72°C for 45 s for 30 cycles, followed by a final extension at 72 for 10 min. PCR products were analyzed by agarose gel electrophoresis using 1.5% gels containing ethidium bromide together with a DNA molecular weight marker. Gels were viewed on an ultra violet (UV) transilluminator (UV Tech, France).

*T*-test was applied to compare HPC and ARB quantitative mean in raw wastewater and final effluent samples. To compare the presence and absence of genes in different sites and before and after treatment Chi-square and McNemar test were used, respectively. ANOVA statistical analysis was used to compare variables in the different sites. *P* value at level of 0.05 was considered as significant.

RESULTS {#sec1-3}
=======

Concentrations of HPC and ARB in different MWs and HWs are given in [Table 3](#T3){ref-type="table"}. Mean concentration of HPC in MW and HW inflow and outflow were 1.8 × 10^8^, 9.3 × 10^7^, 9.09 × 10^7^ and 1.37 × 10^6^ CFU/100 ml, respectively. [Figure 1](#F1){ref-type="fig"} shows the prevalence of different groups of ARB in MWs and HWs as a percentage of ARB with respect to total HPC. As shown in [Figure 1](#F1){ref-type="fig"}, prevalence of CHL resistant bacteria was the highest in MWs. However, GM resistant bacteria had the lowest percentage in both MWs and HWs. No significant correlation was observed between the three groups of resistant bacteria.

###### 

Concentration of HPC and ARB as CFU/100 ml in raw wastewater from different sites

![](IJPVM-5-887-g003)

![Prevalence of different groups of antibiotic resistant bacteria (ARB) (as percentage of each group of ARB with respect to heterotrophic plate count) in (a) municipal wastewaters, (b) hospital wastewaters](IJPVM-5-887-g004){#F1}

The removal efficiency of HPC and different groups of ARB by WWTPs is shown in [Figure 2](#F2){ref-type="fig"}. As shown in this figure HW3 was the most efficient treatment plant in removing of bacteria. Concentration of GM resistant bacteria significantly reduced in this WWTP. There was also a significant difference between the inflow and outflow concentration of these bacteria in MW2 treatment plant. [Figure 3](#F3){ref-type="fig"} shows the concentrations of HPC and ARB in the final effluent of WWTPs.

![Removals (percentage) of heterotrophic plate count and different groups of antibiotic resistant bacteria in wastewater treatment plants](IJPVM-5-887-g005){#F2}

![Log concentration (number of colony forming unit/100 ml) of heterotrophic plate count and different groups of antibiotic resistant bacteria in final effluent of municipal and hospital wastewaters. Error bars is indicated standard errors](IJPVM-5-887-g006){#F3}

The presence/absence of specific ARGs in isolated ARB from raw wastewater and final effluent samples of different sites is presented in [Table 3](#T3){ref-type="table"}. Resistant genes were found mostly in isolated resistant bacteria from raw wastewater samples, while ARGs did not detected in many of effluent samples.

The percent of raw wastewater and final effluent samples which were positive for genes resistance to antibiotic groups are given in [Figure 4](#F4){ref-type="fig"}. The results show that the studied genes were found more frequently in inflow than outflow samples. However, the frequency of resistance gene (ctx-m-32) in MW1 and MW2 treatment plants unchanged. This gene also increased in MW3 treatment plant.

![Frequency of detection of different groups of ARGs in raw wastewater (in) and final effluent (out) samples. (a) Gentamicin resistant gene, aac(3)-1; (b) chloramphenicol resistant gene, cmlA1 and (c) ceftazidime resistant gene, ctx-m-32](IJPVM-5-887-g007){#F4}

DISCUSSION {#sec1-4}
==========

Human exposure to ARB is a public health concern as it has direct links with disease management. This exposure could occur in a number of ways. Hospital and MWs seem to play an important role in the dissemination of bacteria and antibiotic resistant genes in our environment. The present study showed a high concentration of ARB in both MWs and HWs. The mean concentration of HPC and GM, CHL and CAZ resistant bacteria in raw wastewater samples was 1.39 × 10^8^, 1.24 × 10^7^, 3.29 × 10^7^ and 5.54 × 10^7^ CFU/100 ml, respectively. The concentration of different groups of ARB had no significant difference for MWs and hospital raw wastewaters. Among the ARB, however, CAZ resistant bacteria had the highest concentration in HWs. Higher concentration of HPC was observed in municipal raw wastewaters compared with HWs, but this difference was not significant. The mean concentrations of ARB and HPC in municipal and hospital raw wastewaters in this study were higher than the average obtained in other studies.\[[@ref16][@ref18]\] Total mean of HPC and ARB in influent MWs and HWs were 1.39 × 10^8^, 4.6 × 10^7^, 3.35 × 10^7^, and 4.19 × 10^7^ CFU/100 ml, respectively, while Reinthaler *et al*. (2003) determined that the concentration of resistant bacteria in wastewater to be 10^3.9^-10^5.45^ CFU/100 ml.\[[@ref25]\]

As shown in [Figure 1](#F1){ref-type="fig"}, there is a variation in prevalence of different groups of ARB in MWs and HWs. This variation in concentration of different groups of ARB was also observed in other studies.\[[@ref15][@ref26]\] Munir *et al*. found higher concentration of sulfonamide resistant bacteria when compared to tetracycline resistant bacteria. It is important to note that the total percentage of ARB in any type of wastewater is higher than 100% \[[Figure 1](#F1){ref-type="fig"}\], which indicates the multi resistance of heterotrophic bacteria in wastewaters. Among different groups of ARB, the concentration of CHL resistant bacteria in MWs was the highest and GM resistant bacteria were the lowest. This result is consistent with that of Huang *et al*. regarding higher frequency of bacteria resistance to CHL than other antibiotics.\[[@ref16]\] The higher concentration of CHL resistant bacteria in MWs could be due to the use of this antibiotic in animal husbandry.\[[@ref27]\] In HWs, the maximum values were for CAZ and the minimum goes for GM resistant bacteria. Beta-lactamases (e.g. ceftazidim) group of antibiotics is more used in hospitals.\[[@ref28]\] However, GM resistant bacteria in both MWs and HWs were minimal. This could be the result of prohibited taking of this antibiotic in recent years. However, this study proved the presence of different groups of ARB in MWs and HWs in relatively high concentrations.

As shown in [Figure 2](#F2){ref-type="fig"}, all the WWTPs decreased the concentration of HPC and ARB. However, among different WWTPs, the highest removal of HPC and ARB was observed in HW3 which is an activated sludge process with a UV disinfection system. Likewise, this treatment plant also benefits from high speed sand filtration after disinfecting. Although, activated sludge utilities are also used as the biological wastewater treatment processes in MW1 and MW2, but the significant removal efficiency of ARB in HW3 could be related to the UV disinfection as well as high speed sand filtration system. After HW3, the MW2 plant has the highest efficiency in removing HPC and ARB. This treatment plant become equipped with an integral operation system and in comparison with other MW plants in the study is in a better condition from the view point of biochemical oxygen demand and suspended solids removal.

Furthermore, removal efficiencies by each WWTPs and among different plants varied for different groups of ARB \[[Figure 2](#F2){ref-type="fig"}\]. The lowest removal rate of CHL resistant bacteria was observed in MW3 which is a stabilization pond treatment process. Similar finding was also reported by Munir *et al*. which observed higher removal of tetracycline resistant bacteria in comparison to sulfonamide resistant bacteria by activated sludge process. They proposed that multiple selective pressures in the environment might be attributed to these variations.\[[@ref23]\] Given the selection pressure, bacteria with appropriate mechanism of resistance may have a better chance of survival.

Overall, we observed that even though the concentrations of ARB in raw wastewater are significantly reduced by WWTPs, high concentration of ARB could be released in the environment through discharge of WWTP effluents \[[Figure 3](#F3){ref-type="fig"}\].

Resistant genes were found mostly in isolated resistant bacteria from raw wastewater samples \[[Table 4](#T4){ref-type="table"}\]. Except for CHL (cmlA1) resistant gene in MW effluents, other genes were not found in either the final effluent isolated colonies at municipal WWTPs or in HW. Since, antibiotic resistance to each group of antibiotics could be induced by several genes; it is possible that other genes which not detected in the present study are responsible for antibiotic resistance.

###### 

Presence/absence of selected antibiotic resistance genes in isolated ARB from raw wastewater and final effluent samples
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Similar to ARB, different groups of antibiotic resistant genes were found frequently in both MWs and HWs \[[Figure 4](#F4){ref-type="fig"}\]. Studies conducted by Chee-Stanford *et al*. (2001),\[[@ref29]\] Mackie *et al*. (2001)\[[@ref30]\] and Heuer *et al*. (2004)\[[@ref31]\] showed that these genes are found in abundance in various environments. Except the HW3, all genes detected with a relative high frequency in effluent samples of municipal WWTPs. This result shows that the role of conventional wastewater treatment processes for the removal of ARGs is very little \[[Figure 4](#F4){ref-type="fig"}\]. These findings are consistent with the results of other studies.\[[@ref26][@ref32][@ref33]\] However, CHL (CmlA1) and CAZ (Ctx-m-32) resistance genes were not found in the outflow of HW3, and GM resistant gene (Aac(3)-1) were found in very lower frequency than inflow. The observed decrease could be due to the UV disinfection process or high speed sand filtration after disinfecting. As mentioned above, significant decreases were also observed in the concentration of ARB especially GM resistant bacteria (100%) at this treatment plant. However, we found GM resistance gene in one effluent sample which could be related to the viable, but non-culturable GM resistant bacteria as a result of the disinfection process.

As shown in [Figure 4](#F4){ref-type="fig"}, the frequency of CAZ (ctx-m-32) resistance gene in the outflow of MW3 (stabilization pond) increased. The finding of this research do not match with some results that show the direct effect of solar radiation as an important factor in reducing of resistant genes and also the high performance of stabilization ponds in reducing of these agents.\[[@ref8]\] However, the low intensity and duration of solar radiation in the period of study (September 2012 to March 2013), might contribute to this difference.

CONCLUSIONS {#sec1-5}
===========

The results of this study showed high concentrations of ARB in both MWs and HWs. ARGs were also frequently found in wastewater samples. We observed that the concentration of ARB decreased from inflow to outflow of all WWTPs, nevertheless conventional wastewater treatment processes couldn't significantly reduce ARB and high concentration of these bacteria was entered into effluent. Thus, discharge of final effluent from WWTPs is a potential route for dissemination of ARB and ARGs into the natural environment and poses a hazard to public health.
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